Water treatment residuals (WTR) and organic amendments can improve both organic wastes recycling and soil reclamation. The present work was carried out to evaluate the effect of vermicompost, when used alone or in combination with WTR at mixed ratios of 2:1 and 1:1 wet weight (Vermi: WTR ), on soil chemical properties of saline sodic soils, and on barley growth (Hordeum aestivm). The results showed that the soil EC, SAR, Cl -and Na + decreased significantly with the application of vermicompost alone and when mixed with WTR. Organic matter, CEC and nutrients available (N, P and K) were increased as the rate of the organic materials increased. The treatment of vermicompost: WTR (2:1 wet weight ratio) at level of 10g kg -1 soil gave the highest grain weight of barley plants compared to other treatments. Based on the results of the current study, the combinations of vermicompost and WTR can are considered as an ameliorating material to reclaim of salt-affected soils and to improve the yield of barley plants. Moreover, it can improve the efficiency of organic wastes and WTR disposal.
Introduction
The total salt affected soil areas in the world are about 955 Mega ha (FAO, 1995) , of which 0.9 Mega ha occur are in Egypt. Under saline conditions, dissolved salts may accumulate in soils and inhibit plant growth.
The three main problems caused by sodium-induced dispersion are reduced infiltration, reduced hydraulic conductivity, and surface crusting (Qadir and Schubert, 2002) . The improvement of soil physical and chemical properties in salt-affected soils may be achieved by using good quality water, soil amendments, good drainage and appropriate cultural practices (Grattan and Oster, 2003) . In this respect, the development of the most suitable reclamation technology or a combination of technologies may be critical to optimize farm management for better crop yields in salt-affected Many researchers such as (Wahdan et al., 1999) used different soil conditioners (e.g. organic manures, mineral fertilizers, sulfur and gypsum) to reclaim some chemical and physical properties of different soils. Vermicomposts, which are stabilized organic materials produced by earthworms and microorganisms, have been reported to improve plant germination growth and yields in greenhouse crops . Vermicompost have large particulate surface areas that provide many micro sites for microbial activity, strong retention of nutrients, high nutrients content and rich microbial populations (Atiyeh et al., 2000c) .
Natural organic matter and suspended solids are removed from surface water for water treatments using coagulation/sedimentation by aluminium (Al) as coagulate agents (Bursill, 2001) . Water treatment residuals (WTR) are produced as a by-product of these treatments. The disposal of these by-products is a direct discharge to water bodies as disposal methods. Because of the high cost of landfill disposal, the application of WTR to agricultural land can be considered as a possible alternative. However, this has caused concerns due to their content in Al and potential contaminants, and their ability to bind phosphorus (Lombi et al., 2010) . Park et al., (2010) reported that the WTR was likely to be used as a growth medium. It was used with rice straw compost reduce the bioavailability of heavy metals and to increase the yield of canola grown in contaminated soil (Mahmoud, 2011) .
The application of WTR with compost as soil amendment improved chemicals (such as soil salinity and sodicity) and increased the yield of wheat grown on salt affected soils (Mahmoud et al., 2009 ).
Barley plant is considered one of the most important cereal crops in Egypt. It is actually very important and can be considered as a moderate salt tolerant plant crop in arid regions, as well as in poor and saline soils (Abd El-Hady, 2007) The objective of this study is to investigate the effect of vermicompost with and without water treatment residuals (WTR) at mixed ratios of 2:1 and 1:1 wet w eight (Vermi: WTR ), on the chemical properties of saline sodic soils and on the growth of barley (Hordeum aestivm).
Materials and methods
Composite soil samples from twenty samples were collected from the agricultural soils of Baltiem area, Kafer El-Sheikh water Governorate, Egypt. The samples taken from the upper 30 cm soil layer were air -dried, ground and sieved through 2-mm sieve to increase the uniformity of the experiment. The par- pH. Accordingly, this soil may be classified as a saline sodic soil (Brady, 1999) . was determined in soil paste extract as described by Black (1982) . Cationic exchange capacity (CEC) of the soils and WTR was determined by means of using sodium-ammonium acetate saturation technique (Page, 1982) . The total nitrogen in raw materials was determined by Kjeldahl method (Page, 1982) . Available phosphorus was extracted using NaHCO 3 0.5 N and determined by using of spectrophotometer at wave length of 650 nm, as described by Black (1982) .
Experiment and treatments
Available potassium was extracted using ammonia solution 1% and determined using flame photometer as described by Page (1982 (SAS, 1996) 3. Results
Effect of vermicompost and its mixtures with WTR on the soil chemical properties
Salinity and sodicity soil; T5: Vermi + WTR (2:1) at 5 g kg -1 soil; T6: Vermi + WTR (2:1) at 10 g kg -1 soil.
Available nitrogen, phosphorus and potassium
Application of vermicompost alone at rate of 5 and 10g kg -1 soil increased significantly the NaHCO 3 extractable P (mg kg -1 ) values by 43% and 70 % over the control (Table 3) , respectively. The NaHCO 3 extractable P did not differ significantly (p ≤ 0.05) as affected by the interaction treatments of vermicompost and WTR. Soil treated with vermicompost at rate of 10g kg -1 soil had more NaHCO 3 extractable P than those resulted from other treatments.
The soil content (mg kg -1 ) of available nitrogen (N) and potassium (K) increased with individual additions of vermicompost or in combination with WTR compared to the control (Table 3 ). The highest content of available N and K was found in the pots treated with 10 g vermicompost kg -1 soil, whereas the lowest was recorded in the control. The available nitrogen and potassium increased with the increase of the application rates of vermicompost when used alone and in combination with WTR (Table 3) . These increases were more pronounced in the pots treated with vermicompost alone than these associated the treatments of WTR and vermicompost mixtures.
Organic matter, CEC, pH and soluble cations and anions
The soil content (%) of organic matter and CEC was increased clearly and significantly at the level of p < 0.05 followed by the soil treated by different ratios of vermicompost alone and its in combination with WTR (Table 3) . Soil pH was decreased as a result of vermicompost application especially at high applica-tion rate, whereas the interaction treatments of vermicompost and WTR effect on soil pH generally were changed slightly (Table 2 ).
Different applications of vermicompost when used alone or in combination with WTR reduced significantly the soil content (meq/l) of Cl -and Na + . The found decreases were more clear in the combination applications ( Table 2 ). 
Discussion

Effect of vermicompost and its mixtures with WTR on the soil chemical properties
The SAR takes into account the adverse effect of sodium when moderated by the presence of calcium and magnesium ions. It is generally considered that a SAR value above 12 or 15 indicates that serious soil problems will occur (i.e. permeability and tilth).
This means that plants may have difficulty in absorbing water (Brady, 1999 These cations lead to replace the exchangeable Na + from soil matrix and to form new stable aggregates.
Effect of vermicompost and its mixtures with WTR on grain weight of barley plants
Grain Phosphorus is one of the most essential plant nutrients. Salinity and sodicity can affect forms and dynamics of phosphorus in soil (Dominguez et al., 2001) . The increase of NaHCO 3 -extractable P with vermicompost may be attributed to the release of humic acid during organic matter decomposition, results in a convert's unavailable soil phosphate into available forms. In addition, vermicompost is a high phosphorus content (Table 1) . Marinari et al. (2000) found similar increases in phosphates in the soil after the application of organic amendments. During the coagulation process, alum is converted to aluminum hydroxides that are similar to aluminum hydroxides which present naturally in soils. These hydroxides can increase the soil's buffering capacity as well as the adsorption and precipitation of specific anions such as orthophosphorus (Basta et al., 2001) . Dempsey et al. (1989) reported that alum sludge had a high sportive capacity for P that reduced plant -available P and limited plant growth.
The available nitrogen (N) and potassium (K) were increased by the application of vermicompost alone or in combination with WTR which may be attributed to the vermicompost and WTR which have high N and K contents ( Table 1 ). The addition of organic matter in the form of mulch, vermicompost and the addition of earthworm casts cause the increase of the biovailability of these elements (Germida and Siciliano, 2000) .
Soil organic matter and CEC were increased with the addition of vermicompost alone or in combination with WTR to soil. These increases were attributed to high organic matter content of vermicompost and WTR (Table 1 ).
The increase of soluble calcium and magnesium content with the addition of vermicompost and WTR to soil is caused by high calcium and magnesium content of vermicompost and WTR (Table 1 ). The improvement of soil physical properties with the addition of organic matter is induced by the reduction in both Clˉ and Na + with the leaching water (Levy, 2000) .
2. Effect of vermicompost and its mixtures with WTR on grain weight of barley plants
The application of vermicomposts to soils was associated to an increase in both crop growth and yields (Kale et al., 1992; Arancon et al., 2004) . The ob- 
Conclusions
The results of this study have confirmed the ability of vermicompost when used alone to improve the salinesodic soils. Moreover, when the soil is treated with mixtures of vermicompost and water treatment residuals (WTR) this gave the highest reduction in salinity, sodicity and soluble Clˉ and Na + . Consequently, the grain weight of barley has increased. It was indicated that the application of 10g kg -1 soil at 2:1 (Vermi:
WTR) mixed ratio resulted in the best barley growth.
The application of WTR with vermicompost to salinesodic agricultural land can be used as an economic and simple alternative for disposal methods of WTR and organic wastes.
